Spectrophotometric characterization of pigment in the identification of  Flavobacteria . by Cohen, Joel Ralph
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Doctoral Dissertations 1896 - February 2014 
1-1-1975 
Spectrophotometric characterization of pigment in the 
identification of "Flavobacteria". 
Joel Ralph Cohen 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_1 
Recommended Citation 
Cohen, Joel Ralph, "Spectrophotometric characterization of pigment in the identification of 
"Flavobacteria"." (1975). Doctoral Dissertations 1896 - February 2014. 5929. 
https://scholarworks.umass.edu/dissertations_1/5929 
This Open Access Dissertation is brought to you for free and open access by ScholarWorks@UMass Amherst. It 
has been accepted for inclusion in Doctoral Dissertations 1896 - February 2014 by an authorized administrator of 
ScholarWorks@UMass Amherst. For more information, please contact scholarworks@library.umass.edu. 

© Joel Ralph Cohen 1975 
All Right Reserved 
SPECTROPHOTOMETRIC CHARACTERIZATION OF PIGMENT 
IN THE IDENTIFICATION OF "FLAVOBACTERIA" 
A Dissertation Presented 
By 
JOEL R. COHEN 
Submitted to the Graduate School of the 
University of Massachusetts in partial 
fulfillment of the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
February 1975 
Major Subject: Plant and Soil Sciences 
Ill 
SPECTROPHOTOMETRIC CHARACTERIZATION OF PIGMENT 
IN THE IDENTIFICATION OF "FLAY 03AC TERIA" 
A Dissertation 
By 
JOEL R. COHEN 
Approved as to style and content by* 
•/ A LL 
/tZ-c «■■*-• ^ v / ^ 
Warren Litsky• (Chairman of Committee 
'C- (_ _ 
im B. Gunner, Member 
Elizabeth D. Robinton, Member 
Franklin W. Southwick,Department Head 
Plant and Soil Sciences 
February 1975 
Dedicated to my wife* 
MARILYN L. COHEN 
Without her gentle, loving insistence, 
moral support and hours of companionship 
and labor in the laboratory, this work 
would not have been completed. 
V 
ACKNOWLEDGEMENTS 
The author is indebted to his committee, Drs. Warren 
Litsky, Elizabeth D. Robinton and Haim B. Gunner, for their 
assistance, criticism, and encouragement in the completion 
of this study. 
Deepest gratitude is expressed to Dr. R. C. Fuller 
who worked closely with the writer in conducting this 
study and gave constructive guidance to the direction of 
the research and inspiration for the exploration and 
development of techniques. 
The writer is also grateful to Mr. Robert Boudreau 
of Gatehouse Machine and Welding, Holyoke, Massachusetts, 
for his painstaking accuracy in constructing the modified 
cuvette holders developed in the course of this investi¬ 
gation. 
Sincere appreciation is extended as well to the many 
investigators who have provided strains of "flavobacteria" 
for study and analysis. 
Above all, my wife and children and my colleagues at 
Springfield College deserve acknowledgement for their 
understanding and concern during my extended periods of 
preoccupation with this research. 
< 
vi 
Spectrophotometric Characterization of pigment 
in the Identification of "Flavobacteria" 
(February 1975) 
Joel R. Cohen, B.S., University of Massachusetts 
M.S., University of Massachusetts 
Directed by* Dr. Warren Litsky 
ABSTRACT 
The spectral properties of the intracellular pigments 
formed by strains of Flavobacterium spp. and other yellow 
pigmented gram-negative rods were studied by "scanning" 
sonicated preparations, methanol extracts, membrane filter 
preparations, slide cultures and whole cell suspensions of 
these organisms. No genus-specific absorption maxima were 
demonstrated with methanol extracts. 
In situ analyses of pigment protected against 
oxidative degradation, using fragments of sonicated cells 
or suspensions of unmodified cells in buffer, demonstrated 
that all strains of Flavobacterium spp. surveyed, though 
heterogeneous in their patterns of absorption maxima, 
showed a discrete maximum between 41d and 421 nm. This 
peak was absent from spectral scans obtained from repre¬ 
sentative strains of other genera of the yellow pigmented 
gram negative rods. Though chemical identification was 
not attempted, the spectral properties indicate that this 
characteristic pigment of Flavobacterium is a carotenoid. 
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Amplitude of the 418-421 nm maximum in Flavobacterium 
spp. was accentuated by cultivation of the organisms at 
ambient air temperature on Brucella Agar (Albimi). Good 
resolution of this peak was obtained using "conventional" 
spectrophotometers modified by repositioning of the cuvette 
carriers and attaching opalescent glass plates to the 
"detector surface" of the cuvette. A detailed method for 
positioning the cuvette in close proximity to the detector 
port of the Varian, Cary Model 14 Scanning Spectrophotometer 
by redesign of the sample and reference cuvette carriers 
is presented. 
The presence of a genus-specific Flavobacterium 
pigment, or pigment fraction, detected only through in situ 
analysis, adds another feature to keys or schema used for 
characterization or "identification" of the organisms 
comprising this presently ill-defined taxon. Use of 
this phenetic criterion by clinical laboratories for 
rapid screening of isolates and potential use to clarify 
taxonomic puzzles is discussed. 
Vlll 
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INTRODUCTION 
Clinical microbiology laboratories are continually 
faced with the problem of rapid identification of bacterial 
isolates to aid the physician in diagnosis and establish¬ 
ment of a therapeutic regimen. Workable schemes for the 
classification or identification of routinely encountered 
organisms are readily available, but most clinical micro¬ 
biologists have difficulty in identifying "esoteric 
organisms". A number of approaches to the rapid identi¬ 
fication of "unusual" bacteria have been proposed, ranging 
from the use of selective/differential media to identifi¬ 
cation by gas chromatography and continuous particle 
electrophoresis (Davis and Williams, 196?; Bjzfvre et al., 
1972). 
Comparatively little attention has been given to 
the development of rapid techniques or confirmatory pro¬ 
cedures for the classification or identification of the 
"flavobacteria", long believed to be in the domain of the 
plant pathologist only. During the past two decades, 
an increasing number of these organisms have been isolated 
from a variety of sources, many of human origin. At the 
present time, workable schema for the speciation of these 
organisms are limited in number and are not satisfactory 
to everyone concerned in hospital, public health and 
environmental microbiology laboratories. 
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The masthead of the International Journal of Systematic 
Bacteriology carries the following quotes 
"The sure and definite determination (of species of 
bacteria) requires so much time, so much acumen of 
eye, so much of perseverance and patience that there 
is hardly anything else so difficult." 
This difficulty is compounded in the clinical labor¬ 
atory, where speed in generic or species identification is 
of the essence to establish diagnosis, control epidemics, 
and determine therapy, especially when dealing with these 
currently "ill-defined" organisms characterized as yellow 
pigmented, gram-negative rods - "flavobacteria"• 
Characterization of the "flavobacteria" into groups, 
genera, or species on the basis of qualitative analysis 
of pigment has been attempted. Most efforts in this 
direction have depended upon spectrophotometric/chromato- 
graphic analysis of solvent extracts of the lipochromic 
pigments. These techniques are not easily adapted to 
use in clinical laboratories and cannot result in "rapid" 
characterization. They have failed to establish repro¬ 
ducible findings that correlate pigment fractions with 
taxonomic groups as established by "classical approaches". 
This may be due to changes in the character of the pigment 
engendered by the manipulations necessary for extraction 
or fractionation. Few attempts to characterize the pigment 
content of "flavobacteria" using in vivo or in situ analyses 
have been reported. 
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This study is designed to determine the feasibility 
of using in situ spectrophotometric analysis of modified 
or unmodified suspensions of cells of "flavobacteria" as 
an adjunct to conventional biochemical procedures for 
purposes of increasing speed and precision of identi¬ 
fication of isolates. 
Because of "difficulties" involved in the speciation 
of "flavobacteria", organisms used in this study will be 
those identified as belonging to the various genera 
encompassed by "the non-fermentative, yellow pigmented, 
gram-negative rods" by individuals recognized as expert in 
the isolation and characterization of such biotypes or 
strains• 
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LITERATURE REVIEW 
Microbiology laboratories consistently, and with in¬ 
creasing frequency, isolate gram-negative rods of diverse 
biochemical characteristics that form yellow, orange or red 
non-diffusible pigment on a variety of solid isolation or 
propagation media (von Graevenitz, 1970; Pedersen et al., 
1970? Domingue, 1973)* These organisms have been isolated 
from water (Hayes, 1963; Herman and Fournelle, 1964; 
Herman and Himmelsbach, 1965; Olsen, 1969)» soil (Dorey, 
1959; Olsen, 1969)# plant material (Starr, 1959; Lund, 1969; 
Starr and Chatterjee, 1972; Mallin, 197^0 and animal sources 
(Muraschi et al., 1965; Graham and Hodgkiss, 1967). In a 
number of cases the water and soil have been part of a 
hospital environment (Herman and Himmelsbach, 1965; Olsen, 
1969; Mallin, 197^)» and organisms similar in character and 
appearance have been isolated from patient specimens 
(Olsen, 1969) • Herman and Fournelle (1964) reported that 
some flavobacteria interact with the hospital environment 
by apparently inactivating chlorine and thus survive in 
bottled or impounded tap water. 
The virulence or pathogenicity of "flavobacteria” has 
been questioned despite their repeated association with 
human infection (Pedersen et al., 1970). Schaub and 
Foley (1952) state unequivocally* 
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"A number of gram-negative bacilli with variable 
characteristics are frequently isolated from various 
types of clinical material. These organisms are 
difficult to identify specifically -• Many of 
these strains produce a yellow pigment on solid 
media and may be regarded as Flavobacterium. The 
non-pigmented strains may be Achromobacter. These 
organisms are not pathogenic, their usual source 
is water and they can be regarded as contaminants." 
However, during the period of 1933 through the present, 
specific human infections have been ascribed to pigmented 
gram-negative rods "labelled" as Erwinia or Flavobacterium 
or simply "non-fermentative bacilli". The most common 
clinical condition associated with these organisms is 
neonatal meningitis. Gases have been reported from the 
United States (Sherwood, 1933? Shulman and Johnson, 19^; 
Brody et al., 1958; King, 1959; Carbrera and Davis, 1961; 
George et al., 1961), from Israel (Seligmann et al., 1963)» 
Ceylon (Sugathadasa and Arseculeraine, 1963) and Denmark 
(Olsen, 1967). 
In I960 Linde and Heins reported 2 cases of endo¬ 
carditis believed to be due to pigmented gram-negative 
rods. Other cases of endocarditis attributed to similar 
organisms have been reported since (Schiff et al., 1961; 
Werthaimer and Weiner, 1972)• 
Other clinical conditions such as pyelonephritis 
(Kleeman et al., I960) and post-operative bacteremia 
(Berry et al., 1963; Olsen et al., 1965) have been reported 
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as caused by members of this diverse group. Post-operative 
surgical or traumatic infections have been associated with 
organisms specifically identified as Erwinia (Muraschi et al., 
1965? Slotnick and Tulman, 1967? Gilardi et al.* 1970? von 
Graevenitz, 1970). 
Workers isolating these organisms have been challenged 
with the problem of unequivocal identification for purposes 
of epidemiological analysis, establishment of antibiograms 
(Reinarz et al.f 1965? Pedersen et al., 1970), and placing 
them in the "correct niche" in the established hierarchy 
of micro-organisms. Laying aside all philosophical 
arguments against the use of species and other taxa desig¬ 
nations in bacterial classification presented by Meglitsch 
(195^)» Cowan (1962), and Sneath (1962) and the tenuousness 
of such classification, investigators must "identify" and 
"label” isolates consistently for purposes of establishing 
epidemiology of disease outbreaks and transmitting information 
from one clinical or research center to others. Attempts 
at identification of such isolates using keys (Skerman, 
19^9? 1967)» by other schema or techniques (Marmur et al., 
1963? Starr and Mandel, 1969) or comparison with cultures 
of 'type* species (Gary, 19501 Graham and Hodgkiss, 1967? 
Hendrie et al., 1968? Blair et al., 1970) indicate the 
nebulous character of the lines of separation between the 
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genus Flavobacterium and other pigmented, and non-pigmented 
gram-negative rods (Breed et al., 1957? Thomas and Elson, 
1957; Starr, 1959? LeClerc, 1962; Wilson and Miles, 1964; 
Nelson and Shelton, 1965i King, 1967? Pickett and Manclark, 
1970; Pickett and Pedersen, 1970; Ewing and Fife, 1971? 
Weaver et al., 1972? Domingue, 1973)* Indeed, the validity 
of the genus Flavobacterium has been questioned in view of 
the Gytophaga-like character of the type species, Flavo- 
bacterium aquatile (Weeks, 1955* 1969; Hayes, 1963? Hendrie 
et al., 1968; Mitchell et al.* 1969). Weeks (1969) states, 
"Flavobacterium is more an historic concept than a taxonomic 
reality." The presently accepted genus contains species 
of heterogeneous character and two distinct ranges of DNA 
nucleotide base ratios (moles per cent G+C)* 30-42 and 
63-70. (Weeks, 1972). 
Marmur et al. (1963) in their review of approaches to 
microbial taxonomy observe that those properties which 
represent the combined expression of many genetic loci still 
remain the cornerstone of microbial classification above the 
genus level and certainly at the practical level of identi¬ 
fication. "Large differences seen in the characteristics 
of certain members of the Flavobacterium and other genera 
indicate that realignment of the representatives of these 
genera should be considered." Stolp et al, (1965) in their 
review of problems in speciation of phytopathogens comment 
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that "certain views on the nature of pathogens and on their 
taxonomic relationships need extensive revision." "In 
plant pathology, the "new host-new species" concept has 
been paramount and while these bacteria are differentiated 
primarily on the basis of physiological properties, the 
whole question of nomenclature based on fixed units such 
as established genera and species should be examined." 
An ideal method for classification would be one in 
which all of the properties of an organism are known and 
used. Colwell and Liston (1961), Sneath and Sokal (1962), 
and Lockhart and Liston (1970) have proposed procedures to 
accumulate as many characteristics as possible and subject 
them to computer analysis. This approach has been attempted 
with the gram-negative pigmented rods (Floodgate and Hayes, 
1963? McMeekin et al., 1972? Price and Pickett, 1973)* and 
Hester (1971) has applied computer programs to speciate 
the gram-positive pigmented rods. The major objections 
to the use of numerical taxonomy, as observed by Marmur 
et al. (1963)t are* "it is tedious, limited in application 
and the process has failed to produce new principles or 
lead to a meaningful improvement in definition of taxo¬ 
nomic categories." 
Antibiotic susceptibility patterns have been demonstrated 
to be of limited use in the differentiation of Flavobacterium 
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from Herrellea (Reinarz £t al., 1965) . Though flavo- 
bacteria are gram-negative, the susceptibility patterns 
reported by Olsen (1967) and Altmann and Bogokovsky (1971) 
suggest the antibiogram of gram-positive rods. All isolated 
strains of Flavobacterium Group 3 have been shown by Price 
and Pickett (1973) to he susceptible to the actions of 
penicillin and this characteristic has been incorporated 
as a criterion in the Adansonian classification scheme 
proposed by them. Some further correlation between bio¬ 
chemical characteristics and antibiotic resistance exists 
and inclusion of antibiotics in a basal medium for purposes 
of selectivity has been recommended (Altmann and Bogokovsky, 
1971). Other investigators (McMeekin et al., 1971) have 
reported that they found no significant differences between 
groups of flavobacteria with regards to antibiotic suscep¬ 
tibility. 
A salient characteristic of these organisms, as 
reflected in the generic designations, Flavobacterium and 
Xanthomonas, is their production of pigments, ranging in 
color from light yellow to deep orange-red (Breed et al., 
1957). Palmer (1922) and Goodwin (1965) found that pigments 
isolated from bacteria are limited to carotenoids (including 
"xanthophylls"), phenazines and melanins. Flavonoids are 
not synthesized by any bacteria because of their inability 
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to synthesize the C^-C^ fragment of the B-ring of flavonoids; 
some bacteria are capable of synthesizing the phenylpropane 
unit in compounds such as tyrosine and other precursors of 
the flavonoid groups (Geissman, 1962). The "flavobacteria" 
contain or synthesize carotenoids primarily, though other 
pigments have been isolated (Sobin and Stahly, 1942)• 
Weeks et al. (1962) demonstrated that the coloration formed 
by piscicida is not a carotenoid. In 1972, Andrewes 
et al. and Weeks presented evidence to show that the 
"xanthomonas-carotenoids" demonstrated to be indicative 
of Xanthomonas spp. by Starr and Stephens (1964) are 
probably not true carotenoids. 
Substrate does affect pigment production but investi¬ 
gation has shown that the primary effect is to diminish 
intensity, not the quality or identity of the lipochrome 
fractions (Sobin and Stahly, 1942). The function of this 
coloration is still poorly understood. Though Krinsky 
(1966) has simply explored the role of carotenoid pigments 
in chloroplasts, little is known about the role of 
carotenoids in procaryotes. Liaaen-Jensen (1965; 1972) 
and 3rock (1966) suggest that these compounds serve as 
protective agents against the oxidative effects of light. 
In the case of photosynthetic bacteria, light energy 
absorbed by these "accessory pigments" can be transferred 
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to bacteriochlorophyll a to mediate photosynthesis 
(Schiff, 1964; Liaaen-Jensen, 1965). 
As early as 1914, Kligler attempted to correlate the 
chemical nature of pigments found in the gram-positive 
cocci with other biochemical and morphological characters; 
he commented that little work had been done on the nature 
of bacterial pigment prior to his investigations probably 
due to the belief that pigmentation is an easily suppressible 
function and of little specific importance. To date, only 
limited studies on the analysis or characterization of 
pigment as a tool in classification or identification of 
bacteria have been carried out because of the variability 
of hue and intensity encountered on different media and 
under different incubation parameters, emphasizing to 
many the easy manipulation of this quality and thus 
minimizing its potential importance. Virtually all of 
these investigations have been performed using solvent 
extracts of bacterial cell mass; the mode of characteri¬ 
zation of these extracted and/or modified pigments has 
been determination of spectrophotometric absorption 
spectra and isolation of chromatographic fractions. Few 
studies have been carried out on unmodified whole cell 
suspensions of pigmented organisms for purposes of pigment 
analysis. Twarog and Cleverdon (1961) "corrected" the 
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light scattering pattern of bacterial suspensions by using 
a clarified cellular suspension produced by mixing packed 
cells with bovine albumin until the refractive index of 
both suspending medium and cells matched. Stahly et al. 
(1942) attempted to measure pigment in turbid solutions 
and correct for the scatter pattern by taking two colori¬ 
metric readings of their samples. After pigment was 
extracted with hot methyl alcohol, a spectrophotometric 
spectrum of each pigment was determined. A photo-electric 
colorimeter was then used, with filters selected on the 
basis of the previous spectrophotometric analysis, to 
transmit light unabsorbed by pigment on two subsequent 
analyses to obtain photometric density due to pigment 
for a standard turbidity. 
Upon spectrophotometric and chromatographic analysis 
of carotenoids extracted from Flavobacterium spp., Sobin and 
Stahly (1942) determined that no esters or carotenoid acids 
could be demonstrated. They noted little consistency of 
pigment composition from species to species though several 
species did contain identical pigment fractions. Those 
strains of organisms identified as Flavobacterium spp. by 
investigators, or maintained as reference strains, have 
failed, in most instances, to show intrageneric specificity 
of pigment content (Sobin and Stahly, 1942; Starr and 
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Stephens, 1964). New criteria for the designation of 
species within the genus Flavobacterium established by 
Weeks (1972) raises question as to the identity of a number 
of the "flavobacteria" examined by these investigators. 
Despite the apparent inconsistency of intrageneric 
composition of pigment, McMeekin et al. (1971) were able 
to separate the gram-negative pigmented rods into groups 
or divisions on the basis of six different types of 
spectrophotometric absorption curves obtained from scans 
of methanol extracts. These divisions were not comparable 
with those established by numerical taxonomy or DNA base 
ratios. 
Some correlation of pigmentation with biochemical 
subgrouping of Flavobacterium species has been suggested by 
Price and Pickett (1973) but their approach appears to be 
subjective since intensities of pigmentation were determined 
by visual analysis. 
Attempts at classification of gram-negative rods on 
the basis of coloration and hue have been paralleled by 
investigation of specificity of pigment content in Neisseria 
(Ellinghausen and Pelczar, 1955)» Staphylococcus (Kedzia 
et al., 1969)• Sarcina (Strang and Thirkell, 1969) and 
actinomycetes (Krasil'nikov et al., 1967). Observation on 
pigment composition within these genera is similar to that 
reported from the "flavobacteria" i.e., little correlation 
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found between qualitative or quantitative pigment pro¬ 
duction and biochemical properties used for species/strain 
differentiation when solvent extracts are examined 
spectrophotometrically or by column or thin-layer chroma¬ 
tography, The exceptions to this observation include 
the demonstration by Kedzia et al. (1969) that methanol 
extracts from all examined strains of staphylococci show 
Amax at approximately 450 nm and the work of Krasil'nikov 
et al. (1967) indicating that spectrophotometric scans of 
n-hexane solutions of acetone-alcohol extracts of 
Actinomyces» Proactinomyces and Mycobacterium species 
show genus specific absorption maxima that do not vary 
regardless of the medium of cultivation. 
Major problems are encountered in the accurate and 
reproducible qualitative and quantitative analysis of 
carotenoid pigments by both spectrophotometric and 
chromatographic techniques. Dissolving of B-carotene 
and other pure carotenoids in methyl alcohol may cause 
formation of methanol solvates showing shifts in Amax 
from the pure compounds. Many carotenoids are highly 
labile due to their sensitivity to photo-oxidation. 
Absorption spectra of extracts and chromatographic 
separations obtained under differing conditions will 
reveal apparently different patterns due to the oxidation 
15 
state of the pigment (Gest et al., 1963). The absorption 
maxima may also be changed or modified due to the batho- 
chromic shift engendered by the solvents used. 
Tendency to oxidation and shift in maxima due to 
formation of solvates can be overcome by analysis of the 
pigments in situ; pigment is retained within the cell 
membrane or in membrane fragments and thus protected 
against oxidation. This may be accomplished by use of 
French press homogenates, sonicated preparations or 
unmodified suspensions of whole cells in buffer. In situ 
pigment analysis has been extensively used in the study of 
bacterial photosynthesis utilizing techniques developed 
by Frenkel and Hickman (1959) and others. The major 
problem encountered in the photometric examination of 
particulate suspensions is the introduction of the 
variable of scattered light to the classical parameters 
of transmitted and absorbed light. In measuring optical 
density of solutions, the entry and emergent light are 
measured without consideration as to whether they represent 
all or only a portion of the light absorbed. When using 
a suspension of particles or whole cells two types of 
transmitted light must be considered; "total transmitted 
light" and "specular transmitted light". In conventional 
spectrophotometers part of the total transmitted light 
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escapes the detector due to scatter. Specular absorbance 
will not depend greatly on wavelength since the light that 
hits the cells is scattered out of the direct beam and is, 
therefore, not detected, effectively erasing the usefulness 
of spectral analysis if one relies on specular absorbance 
alone. Total transmitted light does depend markedly on 
wavelength since it includes refracted, reflected and 
scattered light, only lacking that light absorbed by the 
particles in suspension. If a spectrophotometer is 
equipped with a detector having a sufficiently large 
window and a relatively short light path from sample to 
detector much of the scattered light may be captured, 
Shibata et al. (195*0 have made such modifications by 
moving the sample and reference cuvettes closer to the 
detector and placing opalescent material as a light 
diffuser against the detector side of the cuvettes. 
Oiled filter paper or opal glass was used as the diffuser. 
If the scattered light emerging from the opalescent 
diffuser used with the cuvette containing solvent alone 
has the same angular distribution functions as the light 
from the opalescent plate used with the suspension, whether 
or not light is scattered in the cuvettes, the quantity 
of light emerging from the two opal plates must be pro¬ 
portional to the light intensity emerging from the 
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cuvettes at corresponding angles. Comparison of absorption 
spectra of suspensions obtained with the use of opal 
diffusers and solvent extracts of a number of algae, 
pigmented flagellates, photosynthetic bacteria, yeasts, 
leaves and other translucent substances showed excellent 
correlation between both techniques and sharp absorption 
spectra from suspensions (Shibata et al., 195*0* Shibata 
(1958) has used the opal glass technique to determine the 
state of carotenoids in vivo (in situ) in roots and 
fruits. From these findings, and others, theoretical 
principles of spectrophotometry as well as absorption 
spectra of crystalline substances have been advanced 
(Shibata, 1956; Duysens, 1956). Consideration of these 
principles led to the development by the Varian Corporation 
of a Scattered Transmission Accessory to be used with 
spectrophotometers manufactured by this company (1962; 
197*0 . 
Though absorption maxima of suspensions and freshly 
obtained reduced solvent extracts of carotenoids "match”, 
the peaks obtained by scanning suspensions are broader or 
flatter. Duysens (1956) in a mathematical analysis of 
optical principles demonstrates that the absorption 
spectrum of any suspension of strongly absorbing particles 
must appear flattened compared with the spectrum of a 
solution containing the same molecules dispersed homogeneously. 
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Another non-extractive method of pigment analysis that 
has been applied to the identification of pigment fractions 
of phytoplankton and investigation of the coloration of 
seawater is the collection of particles in the interstices 
of a membrane filter and scanning the membrane optically 
after it has been rendered "transparent" by the application 
of immersion oil of Refractive Index equalling 1.515 
(Yentsch, 1957)* Comparison of the spectra obtained by 
Yentsch (I960) using both the opal glass technique and 
the cleared membrane filter technique demonstrates a 
close similarity; spectra obtained with opal glass diffusion 
show higher resolution. Yentsch (1962) suggests that 
satisfactory spectral resolution can be obtained by 
distributing particles over the surface of a membrane 
filter and scanning the dried, uncleared filter against 
an unused filter as the reference blank. 
Intrinsic optical properties of bacterial cells other 
than coloration have been used for purposes of species or 
generic identification. Brewer and Passwater (197^) 
demonstrated that cell wall suspensions, whole cell prep¬ 
arations, and capsules of B. subtilis and N. meningitidis 
give very different phosphorescence decay patterns which 
are peculiar to each organism irrespective of the medium 
used for cultivation. 
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MATERIALS AND METHODS 
Origin of Cultures 
The cultures employed in this study were obtained from 
a variety of sources. Bacterial strains studied are 
listed in Table 1. 
Cultivation and Preservation of Organisms 
Before use, each culture was examined for viability 
and purity on Albimi Brucella Agar (Pfizer, ABA) at both 
ambient air temperature (23C - 28C) and incubator 
temperature (35C). Upon determination of purity by 
colonial and microscopic examination, organisms were 
preserved for future use by a modification of the method 
used by the Connecticut State Department of Healtht 
1. Organisms were inoculated onto slants of ABA 
and incubated at ambient air temperature for 
48 h. 
2. To each slant, 2.5 ml of sterile skim milk was 
added, and the growth suspended with a sterile 
cotton-tipped applicator. 
3. Suspensions were transferred to 6.0 ml vials 
with screw caps (Fisher #3-338)• The vials 
were tightly closed and the suspensions quick- 
frozen in a dry ice-95^ alcohol bath. 
• Vials of frozen suspensions were stored in plastic 
containers (one pint disposable, plastic salad 
containers) at -22C in a chest-type freezer. 
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Table 1. 
Bacterial strains used 
Culture 
number Organism Source 
K303 Flavobacterium sp. isolated 
tracheal aspiration 5/68 
from UCLA 
K3°5 Flavobacterium sp. isolated 
drain site 5/68 
from UCLA 
K344 Flavobacterium sp. isolated 
sputum 7/68 
from UCLA 
K525 Flavobacterium sp. isolated 
Clinical site not indicated 
1/69. UCLA 
K70? Flavobacterium sp. isolated 
sputum 6/6$ 
from UCLA 
K815 Flavobacterium meningosepticum 
(Type strain) CDC #l5 
UCLA 
K816 Flavobacterium meningosepticum 
CDC #422 
UCLA 
K821 Flavobacterium sp. (Pickett, 
CDC Group Ilf. CDC #Bl270 
Grp 3) UCLA 
K823 Flavobacterium sp. (Pickett, 
CDC Group Ilf. CDC #B912 
Grp 3) UCLA 
11947 Flavobacterium aquatile MWCS 
— Flavobacterium indoltheticum NMSU 
Yon G Flavobacterium sp. YNHH 
M146 Erwinia atroseptica WLRI 
11329 Xanthomonas .iuglandis ATCC 
— Xanthomonas phaseoli DBCU 
— Enterobacter agglomerans CSHD 
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Table 1 
(Cont *d) 
Culture 
number Organism Source 
5737b Chromobacterium sp. API 
— Sarcina sp. CSHD 
— Staphylococcus aureus MCWM 
a UCLA, Department of Bacteriology, University of 
California, Los Angelesi MWCS, Midwest Culture 
Service? NMSU, New Mexico State University? 
YNHH, Yale-New Haven Hospital? WLRI, Warner-Lambert 
Research Institute? ATCC, American Type Culture 
Collection? DBCU, Department of Botany, Cornell 
University? CSHD, Connecticut State Health 
Department? API, Microbiology Control Laboratory, 
Avon Products, Inc.? MCWM, Medical Center of 
Western Massachusetts. 
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5* To reactivate the organism, the frozen vials 
were placed in a 35-37C water bath until the 
milk suspension thawed. Aliquots were trans¬ 
ferred to ABA and Albimi Brucella Broth (Pfizer, 
ABB) and incubated at ambient air temperature or 
35G. 
Characterization of Organisms 
Morphology 
Gram staining reaction. Hucker's modification of 
Gram's method was used. 
Motility. This was determined in hanging drop 
preparations and/or wet mounts after 18-24 h incubation 
at 35C in ABB. 
Colony characteristics and pigmentation. Organisms 
were streaked, using a "criss-cross” dilution streaking 
pattern, onto the surface of ABA# Nutrient Agar (Difco, NA)» 
and Trypticase Soy Agar (BBL, TSA). One set of three 
media was incubated at ambient air temperature, another 
set was incubated at 35C. 
Colony characteristics and hue and intensity of pig¬ 
mentation was recorded after 48 h incubation. Documentation 
was achieved by photographing plates with a Polaroid MP-3 
Land Camera using Polacolor #108 film and a Wratten 80b 
filter. 
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Biochemical Tests 
Biochemical tests were routinely carried out at 
incubation temperatures of 35-37C; in some cases 
reactions were also determined at ambient air 
temperature for purposes of comparison and in 
cases where the organism failed to grow at 35C. 
Observation time was usually limited to 4B h after 
inoculation to parallel conditions encountered in 
"routine" clinical microbiology laboratories. 
"Conventional" procedures. The following standard 
tests were performed, and interpreted, as described in 
the Manual of Clinical Microbiology (Blair et al., 1970), 
with modification of incubation parameters as noted 
previously. Commercially prepared media (Hospital Service 
Technology Corporation, HST) or media freshly prepared in 
the laboratory from a dehydrated base (Difco or BBL) were 
used throughout. Specifics or modifications of individual 
test procedures are indicated where necessary* 
Cytochrome oxidase. Reagent used was p-aminodimethyl- 
aniline oxalatej procedure followed was the alternative 
method listed in the manual. 
Catalase. 
O/F test. Laboratory prepared l^(w/v) glucose phenol 
red agar was dispensed into constricted tubes (R/B)j tubes 
were inoculated by stab to the bottom and scratch-streak 
of the surface. Tubes were tightly closed with a screw 
cap and incubated. Oxidation or fermentation reaction 
was determined by observation of the single tube. 
Carbohydrate utilization. Glucose, lactose, sucrose 
or maltose were incorporated into phenol red broth. 
Nitrate reduction. Method 1 was used. 
Phenylalanine deaminase. 
Urease production. Laboratory prepared urease test 
broth or commercially prepared urea agar was used. 
Indole production. Presence of indole was detected, 
after xylol extraction, with Ehrlich's reagent. 
HqS production. Lead acetate medium, triple sugar 
iron agar or SIM medium was used. 
Lysine decarboxylase activity. 
Voges-Proskauer test (VP). Method 2 (Barritt) was 
used, 
Malonate utilization. 
Methyl red test. 
Citrate utilization. Simmons citrate agar was 
employed. 
Casein utilization. Medium used was prepared with 
skimmed milk. 
Starch hydrolysis. Medium contained 0.2# (w/v) 
soluble starch. 
Deoxyribonuclease test. 
Gelatin liquefaction. 
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"Rapid11 tests. The following "rapid identification" 
tests were performed using PathoTec* strips. Manufacturers' 
instructions for performance and interpretation of all 
tests were closely followed* 
Cytochrome oxidase (CO). 
ONPG (o-nitrophenyl-p-D-galactopyranoside) test. 
ONPG tests were performed using Key diagnostic 
tablets in addition to the PathoTec technique. 
Nitrate reduction (N). 
Phenylalanine deaminase (PD). 
Urease (U)• 
HqS detection (H2S). 
Indole (I). 
Lysine decarboxylase (LD). 
Voges-Proskauer (VP). 
Malonate utilization (M). 
Esculin hydrolysis (E). 
* PathoTec is the tradename for a "Rapid I-D System" 
manufactured by General Diagnostics Division of the 
Warner-Lambert Company, Morris Plains, N.J. It consistsof 
a set of 12 different reagent impregnated test strips which 
measure biochemical characteristics of certain organisms. 
The use of small amounts of substrate and a relatively 
large inoculum allows biochemical reactions of "resting" 
cells to take place within a four hour time period instead 
of the normal 24-72 h required with conventional growing 
cultures and media. 
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Serological Tests 
Organisms were cultivated on ABA slants for 18-24 h 
at "both ambient air temperature and 35C. Slide agglut¬ 
inations were carried out using Flavobacterium meningo- 
septicum antisera (Difco) following the technique out¬ 
lined by the manufacturer. Suspensions were observed 
for agglutination by using a microscope mirror and 
transmitted light. 
Antibiotic Susceptibility Testing 
Susceptibility of organisms to selected antibiotics 
was carried out using the technique of Bauer et al. (1966). 
Pigment Studies 
Sonicated preparations. Forty eight hour growth of 
organisms was removed from the surface of ABA plates 
with a spatula and suspended in cold ascorbic-phosphate 
buffer (pH=7.0) in 30 ml polypropylene centrifuge tubes. 
Oak Ridge type (IEC #2047). After mixing, the suspension 
was centrifuged for 15 min at 35*000 x g in an IEC B-20A 
centrifuge or in a Sorvall RCB-1 centrifuge at 4C. The 
supernatant was poured off and the sediment resuspended 
in 10 ml of cold ascorbate-phosphate buffer. 
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Tubes containing the washed buffered suspension were 
placed in the chamber of a Raytheon Magnetostrictive Sonic 
Oscillator (Model DF-101) and exposed to high frequency 
sound for 15 min. Samples were kept cold during the 
process by a flow of cold water through the chamber. 
After removal from the sonicator, samples were iced 
until centrifuged for 15 rnin at 351000 x g under refrig¬ 
eration. Upon removal from the centrifuge the supernatant 
fluid containing membrane bound pigment was decanted into 
110 x 16 mm screw-capped tubes and refrigerated protected 
against light. 
Aliquots of the supernate were transferred to standard 
1.0 cm light path cuvettes which were placed in the standard 
cuvette carrier of a Cary Model 14r recording spectro¬ 
photometer. Ascorbic-phosphate buffer was used as the 
"blank”. Spectrophotometric scans were obtained over the 
span of 650 to 350 nm at a scan speed of 5 nm/sec. 
Methanol extracts. Forty-eight h growth of organisms 
was removed from the surface of plates and suspended in 
cold ascorbic-phosphate buffer (pH=7.0). After washing, 
as outlined above in the procedure prior to sonication, 
the sediment was resuspended in 10 ml of absolute CH^OH. 
Methanol suspensions were heated to a temperature of 80C 
for 10 min, rapidly cooled and centrifuged to separate 
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extracted pigments from residual cell mass. Pigmented 
supemates were decanted into 110 x 16 mm screw-capped 
tubes, covered with aluminum foil to protect pigment 
from photo-oxidation, and refrigerated. 
Absorption spectra of the supemates were determined 
using the Cary Model 14r recording spectrophotometer 
over the span of 650 to 350 nm at a scan speed of 5 nm/sec. 
Whole cell preparations I. Forty-eight h growth of 
organisms was removed from the surface of plates and 
suspended in P0^ buffer (pH=7.0) to approximate the 
density of a McFarland Nephelometer Standard #2. Suspen¬ 
sions were immediately transferred to 1.0 cm light path 
cuvettes and absorption spectra determined with a Cary 
recording spectrophotometer Model 14r over the span of 
600 to 350 nm at a scan speed of 2.5 nm/sec or with 
a Perkin-Elmer Model 124 double beam grating spectro¬ 
photometer at a scan speed of 1 nm/sec. 
Membrane filter methods. Forty-eight h A33 and 
brain-heart infusion (Difco) cultures and/or suspensions 
of scrapings of 48 h ABA cultures were filtered through 
25 mm diameter membrane filters with a pore size of 0.45 urn 
(Millipore HAWG 025 00) held in a 15 ml capacity micro¬ 
analysis support (Millipore XX 10 025 00) until the filters 
clogged (suction was provided by a water aspirator pump). 
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Filters were removed and dried over silica gel under 
refrigeration as described by Goldberg et al. (1952), 
Richards and Thompson (1952), and Yentsch (1957, 1962). 
Dried filters were transferred to the surface of glass 
plates lj” x 1^" (cut from Kodak slide mounting glass 2" x 
2”) and overlaid with Cargille Type B immersion oil (RI = 
1.515) for clearing. After the filter became transparent, 
a second glass plate was placed over the filter to form 
a '•sandwich" (Yentsch 1957) • The sandwiched filter was 
clamped into place at the end of the cuvette carrier closest 
to the detector of the Cary 14 (Figure 1.) and scanned over 
the span of 600 to 350 nm at a scan speed of 2.5 nm/sec. 
Slide cultures. Precleaned 1" x 3” microscope slides 
were sterilized by dry heat (170C for 2 h) and then 
"coated" with 1.0 ml of ABA by a modification of the method 
of Cohen and Kass (1967) and Guttmann and Naylor (1967). 
Slides were inoculated by streaking the surface of the 
medium with a swab saturated with a 24 h ABB culture of the 
organism. Inoculated slides were placed into 50 ml sterile 
screw-capped polyethylene centrifuge tubes (Falcon #2070) 
containing 0.5 ml of water, to prevent drying of the medium, 
and incubated for 46 h. 
After incubation, slides were removed from the tubes 
and scanned over the span of 600 to 350 nm in the Cary 14r 
Figure 1, Membrane filter preparation mounted 
between glass, clamped in place on sample 
cuvette holder of Cary 14, (To clarify photo¬ 
graphic detail, membrane has not been cleared). 
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spectrophotometer. Slides were placed in close proximity 
to the detector by clamping them in place at the end of 
the cuvette carrier assembly closest to the detector as 
shown in Figure 2. Uninoculated, but incubated, coated 
slides were used as the reference standard. 
Whole cell preparations II. Forty-eight h and 5 
day growth of organisms at ambient air temperature and 35C 
was removed from the surface of plates of ABA» NA and TSA 
by swab and suspended in 5 ml of phosphate buffer (pH=7.0) 
to approximate the turbidity of a McFarland Nephelometer 
Standard #2. 
Suspensions were placed in standard 1.0 cm light path 
cuvettes; cuvettes were inserted into modified cuvette 
carriers in both the Cary Model 14 and the Perkin-Elmer 
Model 124 recording spectrophotometers. New carriers were 
specifically designed and constructed to decrease the distance 
of the light path from the sample to the detector and were 
"backed” with 1/8" double flashed opal glass. The purpose 
of these modifications was to minimize light loss by scatter 
caused by the organisms in suspension as described by Shibata 
et al. (195*0 • Duysens (1956), and Shibata (1956). 
By use of the new carriers the length of the light 
path from the back face of the cuvette to the end plate 
of the sample and reference compartments of the Cary 14 
Figure 2. Slide culture clamped in place on 
sample cuvette holder of Cary 14, 
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was decreased from the standard 6.5 cm to 0.4 cm? the 
distance of the light path in the Perkin-Elmer Model 124 
was decreased from 9«0 cm to 0.5 cm. 
Spectral absorbance curves were obtained over the 
span of 600-350 run at a scan speed of 2.5 nm/sec using 
the Cary 14 and at a scan speed of 1 nm/sec using the 
Perkin-Elmer Model 124. 
Figures 3* through 8. illustrate details of construc¬ 
tion of new carriers for the Cary 14. Figures 9. and 10. 
compare the appearance of cuvettes in "conventional" 
position with those in place in new carriers equipped with 
opal glass backing. Figure 11. illustrates appearance 
of cuvettes in position in the sample compartment of a 
Perkin-Elmer Model 124 spectrophotometer held in modified 
standard cuvette carrier backed with opal glass plates. 
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Figure 9. Whole cell preparation in cuvette 
positioned in conventional Cary 14 sample 
cuvette holder in place for scanning. 
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Figure 10« Whole cell preparation in cuvette 
positioned in "new” sample cuvette holder 
for Cary 14 in place for scanning, (Opal glass 
is between cuvette holder and detector port, 
but cannot be seen in photograph). 
Figure 11. Whole cell preparation in cuvette 
m position for scanning with opal glass in 
place in sample compartment of Perkin-Elmer 
Model 124. Positioning of cuvette has been 
accomplished by drilling holes in bottom of 
cuvette carrier to allow engaging of pins 
in sample chamber when carrier is reversed 
from normal position. (White cards have 
been inserted in compartment for purpose of 
increasing photographic contrast only). 
RESULTS 
Characterization of Organisms 
Gram stain. All of the organisms employed in this 
study, exclusive of Sarcina sp. and Staphylococcus aureus, 
were rod shaped and gram-negative in 18-24 h ABB culture 
(Table 2). 
Motility. Of the 12 representatives of the genus 
Flavobacteriumt 6 showed unquestionable motility; 4 had 
few motile cells present; 2 failed to demonstrate motility 
(Table 2). 
Colony characteristics and pigmentation. After 48 h 
incubation on plates of TSA, ABA# and NA at ambient air 
temperature, or at 35C, colonies of Flavobacterium spp. 
reached a size of 3 to 5 mm in diameter. Colonies were 
smooth and butyrous. While all cultures were "yellow” 
pigmented on all three media under both temperatures of 
incubation, there was considerable variation in degree of 
pigmentation; some strains being very pale whereas others 
were yellow-orange. Pigmentation in all strains of 
"flavobacteria" was more intense at ambient air temperature 
than at 35C. Pigment production was most pronounced on ABA 
less so on TSA and least on NA; this held constant at both 
incubation temperatures - Figures 12. through 15. document 
these observations. 
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Table 2. 
Morphology, Gram-reaction and 
motility of organisms studied 
Culture Morphology 
Flavobacterium sp. 
Flavobacterium sp. 
Flavobacterium sp. 
Flavobacterium sp. 
Flavobacterium sp. 
F. meningosepticum 
F. meningosepticum 
Flavobacterium sp. 
Flavobacterium sp. 
Flavobacterium sp. 
F. aquatile 
F. indoltheticum 
E. atroseptica 
E. agglomerans 
Chromobacterium sp, 
Sarcina sp. 
K303 Rods 
K305 Rods 
K3^4 Rods 
K525 Rods 
K707 Rods 
K815 Rods 
K816 Rods 
K821 Rods 
K823 Rods 
Von G Rods 
11947 Rods 
Rods 
M146 Rods 
Rods 
5737b Rods 
Cocci 
Gram 
Stain 
Motility 
Negative +/- 
Negative + 
Negative + 
Negative + 
Negative + 
Negative + 
Negative + 
Negative - 
Negative - 
Negative +/- 
Negative +/- 
Negative +/- 
Negative + 
Negative +/- 
Negative + 
Positive N/A 
+ Motile 
Non-motile 
+/- Questionable motility 
N/A Test non-applicable 
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Figure 12, Flavobacterium sp. (K303) inoculated 
on three different solid media and incubated at 
ambient air temperature for 48 h. 
Figure 13. Flavobacterium sp. (K303) inoculated 
on three different solid media and incubated at 
35C for 48 h. 
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Figure 14. Flavobacterium sp. (Yon G) inoculated 
on three different solid media and incubated at 
ambient air temperature for 48 h. 
Figure 15. Flavobacterium sp. (Von G) inoculated 
on three different solid media and incubated at 
35C for 48 h. 
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In all instances pigmentation on solid media exposed 
to air was of greater intensity than that demonstrated in 
stationary broth culture. 
After 5 days incubation, colonies of some strains of 
Flavobacterium sp. became mucoid and translucent and the 
pigmentation changed in character. 
Biochemical Tests 
Biochemical tests were performed on Flavobacterium spp. 
for purposes of determining similarities or differences in 
metabolic activities of strains; tests were carried out on 
Erwinia sp., Enterobacter sp., etc. cultures for the purpose 
of confirming identification only. Selection of tests was 
based on criteria used by Weeks (1972), price and Pickett 
(1973) and Domingue (1973) in their respective schema for 
the differentiation and identification of the gram-negative 
non-fermentative and/or pigmented rods. 
All strains of Flavobacterium spp. were oxidase and 
indole positive. On the basis of reaction in triple sugar 
iron agar all strains were considered to be non-fermentative. 
This was confirmed by activity of the organisms in OF glucose 
agar and conventional carbohydrate broths containing Durham 
fermentation vials. Heterogeneity of strains was demonstrated 
by differences in beta-galactosidase production (ONPG), 
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citrate utilization, casein hydrolysis, DNA'se production, 
gelatin liquefaction and esculin hydrolysis (Table 3). 
No attempt was made to categorize the organisms into 
established groups of Flavobacterium (Price and Pickett, 
1973) because of the realization that significant numbers 
of Flavobacterium spp. normally fall outside the parameters 
of these groups. 
Three Flavobacterium sp. (K305» K821, and K823) showed 
questionable urease reactions in urea broth and negative 
PathoTec reactions. These discrepancies can be explained 
on the bases of differences in the mechanism of reaction 
and on the differences in pH indicator used in the two 
systems. Urea broth incorporates phenol red (pH 6.8 - 
8.0) as the indicator; the indicator on the strip is 
phenolphthalein (pH 8.1 - 10.0). Since these organisms 
tend to be "alkaline”, it is believed that the "positive" 
reactions observed were due to an alkaline reaction 
following growth in the urea broth and not to the 
hydrolysis of urea. If hydrolysis of urea was indeed 
carried out, the production of even small amounts of 
ammonia, a strong base with high solubility in water, 
should have raised the pH of an essentially unbuffered 
strip system above the color change point of phenol¬ 
phthalein. 
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Six of the Flavobacterium spp. showed questionable 
lysine decarboxylase reactions and 3 showed positive 
reactions in lysine decarboxylase medium but all gave 
negative PathoTec strip reactions, Pickett and Pedersen 
(1970) examined 25 Flavobacterium spp, and found them all 
to be lysine decarboxylase negative. The difference in 
results between conventional and strip testing procedures 
can again be explained on the basis of the tendency toward 
"alkaline growth" of this group of organisms and the 
presence of alkaline end products from peptone breakdown 
in the decarboxylase medium - giving a positive or ques¬ 
tionable reaction. Reaction in PathoTec LD is not based 
on "growth" with resultant alkaline end product formation, 
but depends upon breakdown of lysine by a specific decarb¬ 
oxylase to form cadaverine. 
Essential agreement between findings using "conven¬ 
tional" and PathoTec strip techniques for determining bio¬ 
chemical activity of these organisms, with discrepancies in 
findings explained on the basis of the "alkaline character" 
of growth, supports the practicality of using a "rapid I-D 
system" in the characterization of the yellow pigmented 
gram-negative rods. 
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Serological Tests 
As shown in Table 4, agglutination reactions with 
adsorbed meningosepticum antisera demonstrated the anti¬ 
genic heterogeneity of the Flavobacterium spp. studied. 
Though 4+ reactions in polyvalent and type specific anti¬ 
sera were demonstrated by strains of meningosepticum 
only, other strains demonstrated lesser degrees of react¬ 
ivity with polyvalent antiserum and what may be interpreted 
as non-specific group agglutination. 
Temperature of incubation seemed to play little part 
in the development of antigens* In some instances "cross- 
reactivity” was more pronounced when utilizing suspensions 
prepared from organisms cultivated at 35C, with other strains 
reactions were more pronounced when using cultures incubated 
at ambient air temperature. 
Antibiotic Susceptibility Testing 
All of the strains of Flavobacterium spp. were sus¬ 
ceptible to the actions of erythromycin and novobiocin and 
resistant to colistin (Table 5)• These findings confirm 
the impressions of other investigators! "The pronounced 
resistance of a Gram-negative rod to colistin (with sus¬ 
ceptibility to erythromycin and novobiocin) seems especially 
noteworthy" (Altmann and Bogokovsky, 1971)• Susceptibility 
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patterns of strains varied, with only two organisms, K.821 
and K823# both submitted as representative of Pickett's 
Group 3» demonstrating susceptibility to most of the 
antibiotics including penicillin. 
As noted by Reinarz et al, (1965)» in vitro susceptib¬ 
ilities of Flavobacterium spp. are inconsistent. The 
suggestion of Altmann and Bogokovsky (1971) that media 
containing gentamycin alone or in combination with other 
antibiotics may be very useful in the isolation of F. 
meningosepticum from clinical and environmental samples 
is supported by the findings here albeit tenuously 
since only two strains of this organism were examined. 
Broadening of this concept to use antibiotic containing 
selective media for isolation or identification of other 
Flavobacterium spp. does not seem practical in view of 
the strain to strain variations in antibiogram. 
Pigment Studies 
Sonicated preparations. Three types of absorption 
spectra were obtained from scanning sonicates of Flavo- 
bacterium spp. One type of curve was characterized by a 
flat, broad peak with maximum absorption at 418-420 nm 
(Figure 16, A). In the second type of curve, a sharp 
peak, with or without inflexions on one side, occurred at 
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418-420 nm, as shown in Figure 16, 3. F. aquatile was 
characterized by three broad peaks with maxima at 418-420 
nm, 440-445 nm, and 473-^78 nm (Figure 16, C). 
Though spectral curves showed strain variation, there 
did not appear to be any correlation between general curve 
conformation and specific biochemical activity. All three 
types of curves irrespective of major or minor variations 
in general contour showed an easily recognized maximum at 
418-420 nm. 
Absorption spectrum curves of other carotenoid pigment 
containing bacteria failed to demonstrate shape or absorp¬ 
tion maxima similar to that of any of the Flavobacterium 
strains examined. Both S. aureus and X. phaseoli sonicates 
demonstrated extremely broad flat curves with an indistinct 
maximum at approximately 405 nm. 
Methanol extracts. Spectrophotometric absorption 
curves of methanol extracts of Flavobacterium spp. 
demonstrated three basic patterns of curvature, all lacking 
sharp peaks. Figure 17, A represents the general con¬ 
formation of the first type of curve obtained; strains 
showing this type of curve differed from each other 
slightly, with variations consisting of minor shoulders, 
bulges, or broadening of peaks. Maximum absorption peaks 
appear to have shifted from the 418-420 nm demonstrated 
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by sonicate preparations to a broad peak centered at 
440-445 nm. The second group of curves are characterized 
by a shoulder appearing at 410-412 nm on a generally smooth 
curve showing no other peaks (Figure 17, B); in a number 
of cases these shoulders were barely perceptible, F, 
aquatile extracts differed from all others, yielding a 
spectrum showing three absorption maxima; this is shown 
on Figure 17, G where maxima are observed at 410-414 nm, 
435 nm and 466 nm. 
Whole cell preparations I. Spectral absorption curves 
of unmodified buffered suspensions of "flavobacteria" 
scanned with cuvettes in "conventional" position failed 
to show discernible absorption maxima. Curves demonstrated 
a smooth rapid gain in absorbance (Figure 18) with no 
delineation of peaks or shoulders. Since the light path 
distance from the rear face of the cuvette to the detector 
wall of the sample compartment was 6.5 cm in the Cary 14 
and 9fQ cm in the Perkin-Elmer 124, the amount of light 
received by the detector was a direct function of scatter. 
The curves, therefore, do not demonstrate specific 
absorbance or transmission characteristics of the pig¬ 
mented particles. 
Membrane filter preparations. Membrane filter 
preparations proved to be unsuccessful for use in spectro- 
photometric analysis of pigment in all "flavobacteria" 
62 
TmwaOQ<3V IMIV/Tja 
studied, but excellent spectra were obtained with prepar¬ 
ations of Chlorobium sp. (Figure 19» A) and tomato juice 
(as a 'marker' for lycopene) (Figure 19» B). 
Essentially flat curves obtained from scans of all 
"flavobacteria" (Figure 19» C) could be somewhat sharpened 
by using a "fine slide wire" (total scale deflection = 
0 to 0.1 a) on the Cary 14. This modification in 
instrumentation did increase resolution by delineating 
"absorption areas", but the signal to noise ratio was 
such (Figure 20) that separation of absorption peaks 
from artifacts was almost impossible. 
Slide cultures. Organisms grew confluently on the 
surface of slide cultures and exhibited visible pigmenta¬ 
tion equal to that viewed on the surface of plates of 
solid media. After application of cover glasses over the 
surface of growth, pigmentation seemed to be affected; the 
angle of incident light was so changed that intensity of 
pigmentation appeared to diminish. Absorption spectra 
obtained failed to demonstrate discrete or discernible 
maxima; the increase in absorbance as wavelength decreased 
shown on Figure 21, is due to "scatter effect". 
Lack of indication of specific absorption peaks is 
attributed to the extremely short path of transmitted 
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light through the colored sample. Though pigmentation of 
slide-culture preparations was intense when compared with 
membrane filter preparations, the thin film of pigmented 
bacterial mass was of insufficient density or thickness 
for differential light absorbance, but was thick enough 
to reflect and refract light from the surfaces of the 
packed cells - giving a "scatter pattern". 
Changing recorder scale sensitivities from 0 to 1.0 
A as full scale deflection to full scale deflection of 
0 to 0.1 A failed to resolve peaks? the only effect was 
to increase the slope of the "scatter pattern" and 
increase noise in the recording. 
Whole cell preparations II. Spectral absorbance 
curves similar or identical to those obtained by sonica- 
tion, but showing better resolution, were obtained from 
bacterial suspensions placed in conventional cuvettes in 
close proximity to the photodetector with a sheet of opal 
glass interspersed between the outer rear face of the 
cuvette and the protective glass cover of the detector 
port. Strains of Flavobacterium spp. showed spectral 
variation one from smother but all demonstrated a 
pronounced a between 418-421 nm (Table 6). Scans of 
max 
preparations of other yellow pigmented gram-negative rods 
Erwinia sp., Enterobacter sp., Chromobacterium sp., and 
68 
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Xanthomonas sp., gave patterns easily distinguishable 
from Flavobacterium spp. None of these organisms 
demonstrated absorption maxima in the region of 418-421 nm 
A spectrophotometric pattern with conformation similar to 
that of F. aquatile was obtained from scans of Sarcina sp. 
the peak found at 467 nm with F. aquatile was displaced to 
477 nm in Sarcina sp. 
Absorption maxima were most pronounced in organisms 
cultivated on ABA at ambient air temperature. Cultivation 
on TSA at ambient air temperature gave diminished ampli¬ 
tude and broadened peaks; shoulders were extremely 
difficult to differentiate. Scans obtained from the same 
organism cultivated on NA at ambient air temperature were 
further diminished in amplitude and demonstrated extremely 
broad peaks. When the patterns of organisms grown on NA 
were superimposed over curves obtained from the same 
organism cultivated on ABA and TSA, as shown in Figure 22, 
the characteristic 418-421 maximum coincided but other 
maxima failed to match. 
Analysis of absorption curves obtained from organisms 
cultivated at 35C showed that amplitudes of maxima and 
sharpness of peaks were decreased when compared with scans 
obtained from the same organism cultivated at ambient air 
temperature; this decrease in resolution was present 
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irrespective of the medium of cultivation (Figure 23)• 
Comparison of patterns obtained from 35C cultures on 
ABA, TSA and NA parallelled observations made on room 
temperature cultivated strains* Resolution was best on 
ABA, least with organisms cultivated on NA. 
Amplitude of curves, denoting intensity of pigment¬ 
ation, confirmed visual impressions noted previously 
(Figures 12. - 15.)• Some of the Flavobacterium spp., 
when incubated for periods longer than 4b h (5 days), 
showed a change in the physical character of their 
colonies. This was accompanied by a shift in the Amax 
at 418-420 nm of 7 to 9 nm towards a lower wavelength. 
This finding was not consistent and was observed in only 
a few of the organisms studied. 
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DISCUSSION 
Flavobacterium isolates studied in this investigation 
conform to the morphological and biochemical "criteria" 
established by Weeks (1972), Price and Pickett (1973)* and 
Domingue (1973), 
Examination of biochemical patterns (Table 3)» antigenic 
character (Table 4) and antibiograms (Table 5) of this 
group indicates that within the general parameters of the 
"genus" there is great heterogeneity - supporting the 
validity of the variability found in identification schema 
or keys. In this context, due to the present flux in the 
classification of Flavobacterium, identification of the 
strains used was based upon the present definition of a 
species* A group of organisms so similar that most 
experienced microbiologists would agree that they are 
alike (Pelczar and Reid, 1972). The nomenclature 
designated by the donor was categorically accepted unless 
proven otherwise. 
Variation in pigment components in methanol extracts 
of Flavobacterium spp., with some strains showing batho- 
chromic peaks and others demonstrating hypsochromic peaks 
or shoulders, with no common, recurring absorption maximum, 
(Figure 170 complements and supports the "findings" of 
74 
Sobin and Stahly (1942) and Starr and Stephens (1964). 
Other findings in this study indicate that the inability 
to demonstrate an identifiable specific absorption maximum 
for extracts of Flavobacterium spp. is not due to the 
character of the organisms but is due in large part to 
methodology. Present information indicates that 
preparation of methanolic extracts and/or saponified 
fractions changes the character of the pigment. Fractions 
of pigments separated from the membrane are susceptible 
to rapid temperature degradation and photo-oxidation. 
Species or strain specific pigments may be so modified by 
this treatment that some mask or shift the genus specific 
absorption maximum. 
The presence of a carotenoid pigment common to a 
number of Flavobacterium strains and possibly genus 
specific, was demonstrated by analysis of spectrophoto- 
metric scans of sonicated preparations of these organisms. 
Though lacking in the methanol extracts, sonicated prep¬ 
arations of all Flavobacterium spp. tested demonstrated an 
easily differentiated absorption maximum at 418-420 nm 
(Figure 16.). None of the other yellow pigmented bacteria 
examined, representing six other genera, showed this 
characteristic peak after sonication. Preparation of 
sonicates rather than extracts minimizes chemical changes 
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in pigments and prevents rapid photo-oxidation or 
temperature degradation because of the protective action 
of the membrane fragments to which the pigments remain 
bound. The stability of membrane-bound pigment has been 
demonstrated repeatedly by numerous investigators in the 
field of bacterial photosynthesis (Gest et al.f 1963). 
Pursuit of investigation using sonicates was curtailed 
because of the focus of this study which has been the 
determination of the feasibility of using pigment analysis 
as an adjunct to conventional biochemical procedures for 
the more rapid "identification" of "flavobacteria" in 
hospital, public health and environmental microbiology 
laboratories. Few hospital or public health laboratories 
are equipped with sonicators that are designed to prevent 
the dissemination of aerosols during use. The organisms 
in question have been shown to be associated with a number 
of clinical syndromes, and hence the exclusion of aerosol 
production (or containment thereof) is a sine qua non of 
a device used to rupture the cells. 
As outlined and discussed in Results, whole cell 
suspensions, though heavily pigmented, proved to be of 
no use in ascertaining differences in pigment characteristics 
by spectrophotometric means when scanned in conventional 
cuvette carriers because of the light scattering qualities 
of the unmodified cells in suspension (Figure 18.). 
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The use of membrane filters for study of the pigment¬ 
ation of the ’’flavobacteria" posed problems in both prep¬ 
aration and analysis. Pigmentation in a liquid medium 
incubated under static conditions was diminished far below 
that demonstrated on solid medium exposed to air. No 
attempt was made to determine if bubbler aeration would 
intensify pigmentation in a liquid medium solely because 
of the difficulties anticipated in application of this 
procedure by clinical laboratory personnel, should it 
have proved successful. The density of organisms in 
48 h broth cultures was such that only 3 to 4 ml of 
material could be passed through the membrane before 
clogging took place. Attempts to use suspensions of 
heavily pigmented "flavobacteria" scraped from the surface 
of solid media were only slightly more successful; color¬ 
ation on the filter was somewhat deeper in hue than that 
obtained with filtration of broth cultures, but clogging 
took place very rapidly. 
Success of investigators using membrane filters for 
algal study by pigment analysis (Goldberg et al.t 1952; 
Yentsch, 1957» 1962) and the results obtained in this 
study using deep green pigmented Ghlorobium sp. stand 
in sharp contrast with those obtained upon scanning of 
MF preparations of "flavobacteria" (Figure 19.) • Failure 
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to obtain adequate scans can be attributed to at least 
three factors* (1) difference in hue of organisms 
containing both chlorophylls and carotenoids as compared 
to those containing weakly-yellow carotenoids only; (2) 
decrease of pigment intensity in "flavobacteria" cultivated 
in static liquid medium; (3) lack of absorbancy of the 
pigment contained in the thin layer of yellow pigmented 
"flavobacteria" held on the surface of the filter before 
it clogged. "Clearing" of the filter (and the organisms) 
further decreased the light absorbancy of the system. 
Since light absorbancy increases exponentially with 
the length of the light path through the sample (Lambert’s 
Law)f limitations of use of the membrane filter in the 
study of lightly pigmented organisms are obvious. 
While preparation of slide cultures proved to be 
technically feasible and within the capabilities of any 
clinical or other microbiology laboratory, analysis of the 
pigment by transmitted light proved to be less than adequate. 
As reported in Results, intensity of pigmentation on slide 
cultures was equal to that observed on plate culture, 
however, the thin film of pigmented bacterial mass was of 
insufficient density for determination of differential 
absorbance (Figure 21.). Cells do refract and reflect 
light from their surfaces producing the non-specific 
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scatter patterns obtained. No attempt to determine 
absorbancy of slide cultures by reflectance techniques 
was attempted due to the limited possibility of application 
of such techniques in most laboratories. 
Scans of whole cell suspensions positioned by the system 
described in Materials and Methods in close proximity to the 
photodetector with opalescent glass plates used to diffuse 
the specularly transmitted and scattered light uniformly 
showed good resolution. Though one would expect absorption 
peaks in scans obtained from whole cells to be broader and 
flatter than those obtained from sonicates because of the 
variation in homogeneity in distribution of the colored 
molecules (Duysens, 1956)» such was not experienced. 
Resolution of the absorbance maxima, dependent upon 
noise/signal ratios, was sharpened by adjustment of signal 
sensitivity of the photodetector and, with intensity of 
pigment deepened by proper selection of cultivation medium 
and temperature of incubation, final spectral resolution of 
these preparations was equal, or superior, to absorption 
spectra obtained from sonicated material. 
Using whole cell preparations in the modified cuvette 
carriers, a pronounced Amax at 420 nm was demonstrated for 
all Flavobacterium spp. examined. The absence of this 
peak in other yellow pigmented gram-negative rods, lends 
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credence to the hypothesis that past failures to demonstrate 
genus specific pigment in Flavobacterium were due to the 
method of analysis. Solvent extraction changed the 
character of the pigments by oxidation, temperature 
degradation and/or the formation of methanol solvates. 
The whole cell-opal glass technique does not disturb the 
integrity of the cell and, though it measures composite 
pigment rather than separated fractions, undamaged membrane 
protects the pigment against photo-oxidation and rapid 
temperature degradation. 
Failure of Twarog and Gleverdon (1961) to demonstrate 
intrageneric specificity of pigment content in Flavobacterium 
spp. in studies using clarified cellular suspensions, with 
pigment protected against chemical change by maintaining 
the integrity of the cell, may be explained on the basis 
of their selection of strains to examine. Over one-half 
the strains accepted as Flavobacterium spp. by these 
investigators are no longer considered to be valid members 
of the genus Flavobacterium by Weeks (1972), and are not 
included as such in the eighth edition of Bergey *s Manual, 
due to Gram staining characteristics or GC ratios varying 
from those now established for the genus (Buchanan and 
Gibbons, 1974). Close examination of the absorbance 
spectra of the clarified suspensions presented by Twarog 
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and Cleverdon shows that those organisms still accepted 
as species of Flavobacterium demonstrated a peak absorbance 
at approximately 420 nmj coinciding with the specific 
absorption maximum of Flavobacterium obtained by the whole 
cell-opal glass technique. Twarog and Cleverdon reported 
that Xanthomonas spp. generally absorbed strongly at 
404-406 nm; X* juglandis demonstrated an Amax at 409 nm 
with the whole cell-opal glass procedure. 
The findings reported here suggest that larger numbers 
of species of Flavobacterium, Erwinia, Enterobacter, Chromo- 
bacterium and Xanthomonas than those reported should be 
examined to determine the constancy of presence of an 
absorption maximum at 418-421 nm in whole cell suspensions 
of Flavobacterium and its absence in suspension of other 
"flavobacteria". Should all yellow pigmented gram-negative 
rods properly designated as Flavobacterium by the criteria 
of Weeks show an A at 418-421 nm, this will add another 
phenetic character to be used in Adansonian classification 
of this genus. Clinical laboratories, by minor modification 
of already existing spectrophotometers, will be provided 
with a tool for more rapid "identification” and/or 
separation of the "flavobacteria". The ease of accomp¬ 
lishing this by the use of the opal glass technique with 
cuvette carriers repositioned or modified so that the 
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cuvette is as close as possible to the detector has been 
demonstrated. Selection and preparation of media and 
maintainance of proper incubation temperature to enhance 
pigmentation of clinical isolates is within the capabilities 
of the smallest laboratories. This will allow for screening 
of organisms that are only lightly pigmented on primary 
isolation. 
The significance of peaks other than that occurring 
at 418-421 nm in Flavobacterium isolates needs further 
clarification. Exploration of correlation of these peaks 
with specific biochemical or group characteristics is 
indicated. Striking differences in the spectral absorbance 
curve of F. aquatile as compared to other Flavobacterium 
spp. in sonicates, extracts, and whole cell preparations 
(Figures 16., 17.j Table 6) may well support the contention 
of Hendrie et al. (1968) that this organism should be 
considered a Cytophaga. 
The opal-glass spectrophotometric technique should 
prove to be of value in the study of other pigmented 
bacterial groups such as Serratia, Pseudomonas, Staphylococcus, 
etc. The ,,Xanthomonas-carotenoid,, described by Starr and 
Stephens may be demonstrable in situ, at lower scanning 
wavelength, by the opal-glass technique, doing away with 
the necessity of extraction, saponification and fractionation 
of pigment for classification of Xanthomonas spp. 
This simple method for spectrophotometric analysis 
of translucent suspensions may overcome the problems 
encountered in investigation of absorption measurements 
of other biological materials in their native state. 
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